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(54) Substrate unit for liquid discharging head, method lor pnoducting the same, liquid 
discharging head, cartridge, and image forming apparatus 



(57) To provide a substrate unit for liquid discharg- 
ing head, a method for producing the same, a liquid dis- 
charging head, a cartridge, and an image forming 
apparatus. The substrate unit for liquid discharging 
head is for a head which gives thermal energy to the liq- 
uid for film boiling, to discharge droplets of the liquid 
from Its discharge port The substrate unit includes an 
electrothermal transducer provided on the substrate 
surface to generate thermal energy, a pair of electrode 
wiring circuits provided on the substrate surface and 
connected to the transducer, first protective layer 
formed over the substantially entire surface of the sub- 
strate to cover a pair of the electrode wiring circuits and 
transducer, and second protective layer formed over the 
first protective layer to cover the transducer and the 
area where the transducer is connected to the wiring cir- 
cuit, in which a pair of the electrode wiring circuits are 
1800 to 2400A thick, and the portion of the first protec- 
tive layer covered by the second protective layer Is 2600 
to 3400A thick and thicker than the portion of the first 
protective layer not covered by the second protective 
layer. 



FIG. 11 




a. 

LU 



Printed by Xerox {UK) Business 
■ 2.16.7 (HRS)r3£ 



1 



EP 1 078 768 A2 



2 



Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to a substrate unit for a 
liquid discharging head which discharges liquid, method 
for producing the same, liquid discharging head incor- 
porating the substrate unit, cartridge which monolithi- 
cally combines the liquid discharging head and liquid 
tank holding a liquid to be sent to the liquid discharging 
head, and image forming apparatus which forms an 
image on a printing medium. They are applicable to 
general printing apparatuses, copiers, facsimiles having 
a communication system, word processors or the like 
having a printing section, industrial recording appara- 
tuses combined with one or more varying processing 
units, and various devices, such as those for textile 
printing and etching. 

[0002] "Printing" or "recording" used in this specifi- 
cation includes forming information of meaning, e.g., 
letters or patterns, and also forming a variety of images, 
patterns or the like on a printing medium, whether or not 
they have a meaning or recognizable by visual sense of 
a human. It also includes etching and other processing 
methods. 

[0003] The "printing medium 0 used in this specifica- 
tion is not limited to paper or the like to be printed by 
general printers, but includes fabrics, plastic films, 
metallic plates, glass sheets, ceramics, lumbers, leath- 
ers or the like which can receive an ink. Its shape is not 
limited, but includes three-dimensional objects, e.g., 
spheres and cylinders, in addition to sheet-shaped 
objects. 

[0004] The "liquid" used in this specification should 
be interpreted broadly, as is the case of definition of the 
above-described "printing or recording," and includes 
those for forming images, patterns or the like on a print- 
ing medium, etching of a printing medium, and process- 
ing of Ink, e.g., solidification or ^solubilization of a 
colorant in a ink attached to a printing medium. 

RELATED BACKGROUND ART 

[0005] Of the various printing methods known so 
far, liquid jet printing method (hereinafter referred to as 
ink jet printing method) is a very useful method for vari- 
ous reasons, e.g., nonimpact type printing which pro- 
duces little noise while being in service, high-speed 
printing, and capacity of printing a common paper with- 
out needing a special fixation treatment 
[0006] This ink jet printing method flies droplets of 
an ink or a treatment solution for adjusting printability of 
an ink on a printing medium (hereinafter referred to as a 
generic term of ink) by a varying working principle onto 
a printing medium, e.g., paper, for printing. The basic 
principle, as described by Japanese Patent Application 



Laid-Open No. 52-118798, is outlined below. In the Ink 
Jet printing method, thermal pulses are cjven as the 
Information signal to an Ink In an Ink chamber capable of 
holding an ink. thereby discharging and flying the ink in 
5 the form of droplets by the force generated as a result of 
vaporizatiorvexpansion of the ink through a discharge 
port connected to the ink chamber onto a printing 
medium for printing. 

[0007] This method has various advantages. It is 
70 suitable for high-speed prints and color prints, when a 
high-density, multi-array structure is used. The printer 
structure therefor can be simpler than the conventional 
one, making the printing head, i.e., Inkjet head, com- 
pacter as a whole. Such heads are suitable for mass 
75 production, and may be elongated by fully utilizing IC 
and microwave processing techniques, which have 
been greatly advanced in level and reliability for the 
semiconductor industry. As such, it is applicable to wide 
areas. 

20 [0008] A characteristic ink jet head of the ink jet 
printer for the ink jet printing method is provided with 
thermal energy generating means for forming flying 
droplets of Ink discharged from the discharge port It is 
considered that the thermal energy generating means is 

23 preferably designed to come into direct contact with the 
ink, for efficiently acting the energy on the ink and 
enhancing response of the Inkjet head to the ON-OFF 
thermal actions. 

[0009] The thermal energy generating means for an 

30 ink jet head is basically comprises a heat generating 
resist (electrothermal transducer) layer and a pair of 
electrode circuits for supplying electricity to the layer. 
Such a design may cause various problems, when the 
resist layer directly comes into contact with the ink, e.g., 

35 the ink may pass electricity, depending on its electrical 
resistance, to possibly cause electrolysis of the ink 
itself, or the energized resist layer may react with the ink 
on supplying electricity to the heat generating resist 
layer, to possibly cause corrosion of the resist layer to 

40 change its resist and eventual failure or breakdowns. 
[0010] Therefore, various methods have been pro- 
posed to solve the above problems and thereby to 
improve reliability and durability of the resist layer for 
repeated used. For example, the resist layer is made of 

45 an inorganic material of relatively good characteristics 
for heat generating resist layer, e.g., alloy such as Ni or 
Cr, or metal boride such as ZrB 2 or HfB 2 . The resist 
layer may be coated with a protective layer of an oxida- 
tion-resistant compound, e.g., Si0 2 , to positively pre- 

50 vent it from directly coming into contact with the ink. 
[0O11] It is a normal practice, when thermal energy 
generating means for an ink jet head is produced, to 
coat a heat generating resist layer, formed on a given 
substrate, with electrode circuits and a protective layer 

55 in this order. The protective layer is required to uniformly 
cover the resist layer to fully satisfy the requirements, 
i.e., prevention of failure of the resist layer and short-cir- 
cuit between the resist layer and electrode wiring. In 
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addition, it should be free of defects, e.g., pinholes. 
[0012] Normally, the protective layer is further 
coated with a second, relatively thin protective layer, in 
order to securely cut off the protective layer from the ink. 
The thin second layer is normally of a metal, e.g., Ta, s 
formed by sputtering. This second protective layer pre- 
vents inflow of ink, even when the first protective layer of 
Si0 2 , SiN or the like is cracked by repeated exposure to 
heat, generated in the heat generating resist layer. It 
also protects the resist layer from cavitation, resulting w 
from foaming and defoaming cycles, to improve durabil- 
ity of the layer for repeated use. 

[0013] However, the second protective layer may 
cause cracking of the first protective layer below, 
because of stresses therein being different from each is 
other. Therefore, the second protective layer is normally 
removed by etching in the region free of the ink on the 
substrate surface. 

[0014] When a resin is used for forming the dis- 
charge port, it is little adhesive to the second protective so 
layer of Ta or the like, causing the discharge port to eas- 
ily come off the second protective layer. One of the pro- 
posals to solve the above problem is use of an adhesive 
layer of polyether amide or the like between the sub- 
strate coated with the second protective layer of Ta or 25 
the like and material that forms the discharge port, in 
order to improve adhesion between them, as disclosed 
by Japanese Patent Application Laid-Open No. 11- 
348290. 

[0015] The ink jet head generally comprises an 30 
electric wiring on the heat generating resist layer, as 
described earlier, and one or more steps tend to be 
formed between the electric wiring and the heat gener- 
ating resist layer. Thickness of the layer tends to be une- 
ven around such a step, and the layer must be formed in 35 
such a way to sufficiently cover the step and prevent 
exposure of the wiring or resist layer it protects. When 
coverage of the step (hereinafter referred to as "step 
coverage") Is insufficient, the exposed portion of the 
heat generating resist layer may directly come into con- 40 
tact with the ink, to possibly cause problems, e.g., elec- 
trolysis of the ink, and reactions between the ink and a 
material which constitutes the heat generating resist 
layer to eventually destroy the resist layer. Such a step 
tends to cause uneven layer thickness, which, in turn, 45 
may cause partial concentration of thermal stresses 
produced in the protective layer as it is repeatedly 
exposed to heat, and eventually cracking of the protec- 
tive layer. These cracks or pinholes, if formed, may allow 
inflow of the ink, to eventuaJly destroy the resist layer. so 
[001 6] Conventionally, attempts have been made to 
solve these problems by increasing thickness of the pro- 
tective layer to improve step coverage and reduce pin- 
holes. Increasing the thickness does contribute to step 
coverage and reduced pinholes, but causes new prob- 55 
lems, described below, resulting from retarded supply ol 
heat to the ink. 

[0017] The heat generated in the heat generating 
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resist layer is transferred to the ink via the protective 
layer. Increased thickness of the protective layer 
Increases thermal resist of the working plane of heat, 
i.e., the space between the protective layer surface and 
heat generating resist layer. As a result, the resist layer 
needs an excessive power load, which is disadvanta- 
geous from power saving. In addition, accumulation of 
excessive heat in the substrate deteriorates its thermal 
response, and consumption of excessive power deterio- 
rates durability of the heat generating resist layer. 
[0018] These problems are mitigated as thickness 
of the protective layer decreases. However, when the 
protective layer is formed by sputtering or evaporation, 
which is a normal film-making procedure tor producing 
the conventional ink jet head, decreasing the thickness 
is substantially limited by the problems associated with 
insufficient step coverage which deteriorates durability 
of the resist layer, as described above. 
[001 9] It is known that an ink used for printing by an 
ink jet head as described above will have improved 
foaming stability as'ais heated at a higher rate. More 
concretely, electrical signals to be applied to thermal 
energy generating means are normally rectangular 
delayed pulses, and decreasing the pulse width 
improves the foaming stability, thereby improving dis- 
charge stability of the flying ink droplets and hence print 
quality. However, the conventional ink Jet must have the 
protective layer of certain thickness as described above, 
and excessive heat must be generated by the thermal 
energy generating means to overcome increased ther- 
mal resist of the protective layer, resulting in deterio- 
rated durability and thermal response. This naturally 
imposes limitations on decreasing pulse width and 
improving print quality. 

[0020] Referring to Fig. 17, which shows the sec- 
tional structure of the conventional ink Jet head on the 
substrate side, the oxide layer 1 2 formed on the surface 
portion of the substrate 1 1 is coated with the heat gen- 
erating resist layer 13 by sputtering, on which at least 
one pair of the electrode wiring circuits 1 4a and 14b are 
formed, where the step 15, standing on the heat gener- 
ating resist layer 13, is formed by the presence of the 
circuit 14a or 14b. 

[0021] In such a configuration, defects, e.g., pin- 
holes, tend to be formed in the lower, first protective 
layer 17 coated with the second protective layer 16, in 
particular around the step 15, where the circuit 14a or 
14b tends to be exposed. In order to avoid the above 
problem, thickness of the first protective layer 17 is 
increased to an excessive extent (normally at least 
twice as much as that of the circuit 1 4a or 1 4b) to secure 
sufficient coverage for the step 15. 
[0022] Some proposals to decrease thickness of 
the first protective layer 1 7 without deteriorating step 
coverage include use of bias sputtering, known for its 
good step coverage, as the film-making procedure to 
form the first protective layer 17, as disclosed by Japa- 
nese Patent Application Laid-Open No. 60-234850. 
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Japanese Patent Application Lald-Open Nos. 62-45283 
and 62-45237 propose the methods to Improve step 
coverage by changing step shapes after the first protec- 
tive layer 1 7 is formed using etch back or sputter etch. 
Japanese Patent Application Laid-Open No. 62-46286 5 
proposes reflow of the protective layer to Improve step 
coverage, 

[0023] However, bias sputtering involves disadvan- 
tages of Insufficient stability of film thickness ft gives and 
generation of dust around the target Etchback, sputter 10 
etch and reflow need increased number of processes 
and push up cost. 

[0024] Another method, disclosed in HP Journal, 
Way, 1965, proposes tapered sectioned structure of the 
electrode wiring circuits 14a and 14b, as shown in Fig. is 
1 8, thereby improving step coverage of the protection 
layer 15 showing a section of a substrate structure for a 
conventional ink jet head. Still another method pro- 
posed uses a developer as an alkaline solution for 
simultaneously etching the circuits 14a and 14b and 20 
resist. The members shown in Fig. 17 and 18 are 
marked with the same numbers, when they are function- 
ally corresponding to each other. 
[0025] However, the tapered section of the step 15, 
produced by these methods, is insufficient in uniformity 25 
and reproducibility, tending to change area by area, and 
these methods are particularly disadvantageous for the 
large-size substrate 11. In particular, insufficient uni- 
formity of the tapered section of the step 15 will cause 
the following problems: 30 
[0026] Step coverage tends to be insufficient at a 
sharp angle of the tapered section of the step 15, caus- 
ing the above-described problems. At a gentle angle of 
the tapered section, on the other hand, the circuits 14a 
and 14b have a smaller width and cross sectional area 35 
than the other parts at a sharper angle, to have a higher 
electrical resistance. As a result, the circuit for the ink jet 
head has a fluctuation of a resistance distribution, and, 
when used for a printer, may deteriorate print quality or 
the like. 40 
[0027] Still another method proposes a different 
sectional structure of the conventional ink jet head 
around the substrate, shown in Fig. 1 9, which has been 
already commercialized. The protective layer 15 on the 
heat generating resist layer 13 is selectively thinned. 45 
The members shown in Fig. 1 7 and 1 9 are marked with 
the same numbers, when they are functionally corre- 
sponding to each other. 

[0028] However, this method needs an Increased 
number of steps, because 2 steps are needed for form- so 
ing the protective films 15a and 15b as the insulator 
after the electrode wiring circuits 14a and 14b are 
formed, and the region to be selectively thinned is 
exposed to Tight using a photomask resulting in the 
increased steps. Furthermore, selectively thinning the ss 
inside of the heat generating region decreases thermal 
efficiency at its outer periphery. 



SUMMARY OF THE INVENTION 

[0029] It is an object of the present invention to pro- 
vide a substrate unit for liquid discharging head with 
improved stability to foaming, which results from rapid 
heating of the ink, and durability by decreasing, as far as 
possible, thickness of the first protective layer on the 
heat generating resist layer, decreasing thickness of the 
electrode wiring circuit and its layer for the heat gener- 
ating resist layer, and removing the second protective 
layer without damaging the first protective and wiring 
layers. 

[0030] II is another object of the present invention to 
provide a highly reliable liquid discharging head, which 
incorporates the above substrate unit, with improved 
adhesion between the substrate with exposed protec- 
tive layer of Ta or the like and member which forms the 
discharge port. 

[0031] It is still another object of the present inven- 
tion to provide a method for forming the above substrate 
unit for liquid discharging head, and also to provide a 
cartridge and image forming apparatus. 
[0032] The substrate unit for liquid discharging 
head of the present invention is for a head which gives 
thermal energy to the liquid for film boiling, to discharge 
droplets of the liquid from its discharge port. It com- 
prises an electrothermal transducer provided on the 
substrate surface to generate thermal energy, a pair of 
electrode wiring circuits provided on the substrate sur- 
face and connected to the transducer, first protective 
layer formed over the substantially entire surface of the 
substrate to cover a pair of the electrode wiring circuits 
and transducer, end second protective layer formed 
over the first protective layer to cover the transducer and 
the area in which the transducer is connected to the wir- 
ing circuit, wherein a pair of the electrode wiring circuits 
are 1 800 to 2400A thick, and the portion of the first pro- 
tective layer covered by the second protective layer is 
2600 to 3400A thick and thicker than the portion of the 
first protective layer not covered by the second protec- 
tive layer. 

[0033] The present invention has the first protective 
layer which is made uniformly thin while securing suffi- 
cient step coverage on the area where a step is formed 
by the wiring circuit to stand on the protective layer, 
without needing an additional film-making step or use of 
mask. 

[0034] A pair of the electrode wiring circuits for, the 
substrate unit for liquid discharging head of the present 
invention are preferably 2000 to 2200A thick, and the 
portion of the first protective layer covered by the sec- 
ond protective layer is preferably thicker than the one 
not covered by the second protective layer by 100 to 
2 00 A. The first protective layer is preferably at least 1. 08 
times thicker than the wiring circuit. 
[0035] The method of the present invention is for 
producing the substrate unit for liquid discharging head 
which gives thermal energy to the liquid for film boiling, 



7 



EP 1 078 758 A2 



B 



to discharge droplets of the liquid from its discharge 
port. It comprises (a) a step of forming an electrother- 
mal transducer on the substrate surface to generate 
thermal energy, (b) a step of forming a pair of electrode 
wiring circuits on the substrate surface in such a way to 5 
connect them to the transducer, (c) a step of forming a 
2600 to 3400A thick, first protective layer over the 
essentially entire surface of the substrate to cover a pair 
of the electrode wiring circuits and transducer, and (d) a 
step of forming, by dry etching, a second protective w 
layer over the first protective layer to cover the trans- 
ducer and the area in which the transducer is connected 
to the wiring circuit, in such a way to keep the portion of 
the first protective layer not covered by the second pro- 
tective layer thinner than the one covered by the second 1$ 
protective layer, and also to keep thickness of the elec- 
trode wiring circuits at 1800 to 2400A. 
[0036] The method of the present invention pre- 
vents, while forming the second protective layer by dry 
etching, damages of the transducer and a pair of the 20 
wiring circuits. 

[0037] In the method of the present invention for 
producing the substrate unit for liquid discharging head, 
the second protective layer may be formed by dry etch- 
ing in such a way to keep thickness of the etched por- 25 
tion of the first protective layer not covered by the 
second protective layer at 100 to 200A. 
[0036] The liquid discharging head of the present 
invention comprises a discharge port from which the liq- 
uid is discharged, electrothermal transducer on the sub- 30 
strate surface to generate thermal energy for causing 
film boiling of the liquid, a pair of electrode wiring cir- 
cuits provided on the substrate surface and connected 
to the transducer, first protective layer formed over the 
essentially entire surface of the substrate to cover a pair 35 
of the electrode wiring circuits and transducer, and sec- 
ond protective layer formed over the first protective layer 
to cover the transducer and the area in which the trans- 
ducer is connected to the wiring circuit, wherein a pair of 
the electrode wiring circuits are 1600 to 2400A thick, 40 
and the portion of the first protective layer covered by 
the second protective layer is 2600 to 3400A thick and 
thicker than the portion of the first protective layer not 
covered by the second protective layer. 
[0039] In one embodiment of the substrate unit ol 45 
the present invention for liquid discharging head, the 
discharge ports are formed at intervals of 600 dpi in at 
least two rows running in parallel to each other, wherein 
each port in one row may be off the corresponding one 
in the other row by half a pitch. The liquid may be an ink so 
and/or a treatment solution for adjusting printability of 
the ink on a printing medium. The liquid may be dis- 
charged by driving pulses given to the electrothermal 
transducer from the discharge port at 5 picoliter or less. 
[0040] The substrate unit of the present invention 55 
for liquid discharging head may have an additional 
member for forming the discharge port, which is joined 
with portion of the second protective layer and portion ol 



the first protective layer not covered by the second pro- 
tective layer via an adhesive layer. 
[0041] In the above design, the above portions of 
the first and second protective layers are preferably 
tapered in the vicinity of the boundary between the por- 
tion of the first protective layer covered by the second 
protective layer and the one not covered by the second 
protective layer. It is also preferable that the first protec- 
tive layer is tapered at a sharper angle than the second 
protective layer. The adhesive layer may be of polyether 
amide resin, which may be thermoplastic. The member 
for forming the discharge port may be of resin, which 
may be hardened epoxy resin by cationic polymeriza- 
tion. 

[0042] In the substrate unit of the present invention 
for liquid discharging head, the discharge port may be 
formed to face the electrothermal transducer. 
[0043] The cartridge of the present invention com- 
prises a liquid discharging head and liquid tank storing 
the liquid to be supplied to the liquid discharging head, 
wherein the liquid discharging head comprises a dis- 
charge port from which the liquid is discharged, electro- 
thermal transducer on the substrate surface to generate 
thermal energy for causing film boiling of the liquid, a 
pair of electrode wiring circuits provided on the sub- 
strate surface and connected*© the transducer, first pro- 
tective layer formed over the essentially entire surface 
of the substrate to cover a pair of the electrode wiring 
circuits and transducer, and second protective layer 
formed over the first protective layer to cover the trans- 
ducer and the area in which the transducer is connected 
to the wiring circuit, a pair of the electrode wiring circuits 
being 1BO0 to 2400A thick, and the portion of the first 
protective layer covered by the second protective layer 
being 2600 to 3400A thick and thicker than the portion 
of the first protective layer not covered by the second 
protective layer. 

[0044] The cartridge of the present invention may 
incorporate the liquid tank in such a way that it can be 
reteasably attached to the liquid discharging head. 
[0045] The cartridge of the present invention may 
have an additional member for forming the discharge 
port, which is joined with portion of the second protec- 
tive layer and portion of the first protective layer not cov- 
ered by the second protective layer via an adhesive 
layer. 

[0046] The image forming apparatus of the present 
invention is provided with a section of attaching a liquid 
discharging head comprising discharge ports from 
which the liquid is discharged, an electrothermal trans- 
ducer on the substrate surface to generate thermal 
energy for causing film boiling of the liquid, a pair of 
electrode wiring circuits provided on the substrate sur- 
face and connected to the transducer, first protective 
layer formed over the essentially entire surface of the 
substrate to cover a pair of the electrode wiring circuits 
and transducer, and second protective layer formed 
over the first protective layer to cover the transducer and 
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the area In which the transducer Is connected to the wir- 
ing circuit, wherein a pair of the electrode wiring circuits 
Is 1800 to 2400 A thick, and the portion of the first pro- 
tective layer covered by the second protective layer is 
2600 to 3400A thick and thicker than the portion of the 
first protective layer not covered by the second protec- 
tive layer. 

[0047] In the image forming apparatus of the 
present invention, the section of attaching the liquid dis- 
charging head may have a carriage which can be 
scanned in the direction intersecting the direction of 
travel of the printing medium onto which the liquid is dis- 
charged from the discharge port. The liquid discharging 
head may be releasably attached to the carriage by 
attaching/detaching means. 

[0048] The cartridge of the present invention may 
have an additional member for forming the discharge 
port, which is joined with portion of the second protec- 
tive layer and portion of the first protective layer not cov- 
ered by the second protective layer via adhesive layers. 
[0049] The present invention can give the uniformly 
thin first protective layer, without needing an additional 
film-making step or use of mask, by providing the first 
protective layer formed over the substantially entire sur- 
face of the substrate to cover a pair of the electrode wir- 
ing circuits and transducer, and second protective layer 
formed over the first protective layer to cover the trans- 
ducer and the area in which the transducer is connected 
to the wiring circuit, while keeping a pair of the electrode 
wiring circuits 1800 to 2400A thick, and the portion of 
the first protective layer covered by the second protec- 
tive layer 2600 to 3400A thick and thicker than the por- 
tion of the first protective layer not covered by the 
second protective layer. It also secures sufficient step 
coverage on the area where a step is formed by the wir- 
ing circuit to stand on the substrate. 
[0050] The present invention therefore allows the 
liquid to be heated rapidly to improve foaming stability, 
leading to saved power for the liquid discharging head 
and controlled heating, which, in turn, prevents accumu- 
lation of heat In the substrate, improves its thermal 
response, and realizes printing works of high quality at 
higher driving frequency. 

[0051] In particular, the first protective layer can be 
uniformly thinner when thickness of a pair ol electrode 
wiring circuits is kept in a range from 2000 to 2200 A. 
Such a thin protective layer will have improved durability, 
because partial concentration of thermal stresses, 
caused by cyclic generation of heat, is prevented; other- 
wise, it may be cracked to allow inflow of the liquid which 
can disconnect the wiring circuit and eventually destroy 
the heat generating resist layer. The electrothermal 
transducer and electrode wiring circuit can be kept 
intact, when the first protective layer is coBted by dry 
etching with the second protective layer to cover the 
transducer and the area in which the transducer is con- 
nected to the wiring circuit, in such a way to keep the 
portion of the first protective layer not covered by the 



second protective layer thinner than the one covered by 
the second protective layer, and also to keep a pair of 
the electrode wiring circuits 1800 to 2400A thick. 
[0062] Tapering those sections of the first and sec- 

s ond protective layers covered by the member for form- 
ing the discharge port frnproves adhesion between the 
first protective layer and member for forming the dis- 
charge port in the vicinity of the second protective layer, 
efficiently preventing exfoliation of the member. 

10 [0053] Therefore the first protective layer exposed 
to the electrothermal transducer, a pair of the electrode 
wiring circuits and driving device provided on the sub- 
strate, as a result of removal of the second layer, can 
sufficiently exhibit its functions In the presence of mols- 

13 ture or in a high humidity atmosphere. 

[0054] A highly functional liquid discharging head of 
1200 dpi can be obtained by forming the discharge 
ports at intervals of 800 dpi In at least two rows running 
in parallel to each other, in such a way that each port in 

20 one row is off the corresponding one in the other row by 
half a pitch. 

[0055] A high-quality image of high resolution can 
be produced, when driving pulses given to the Individual 
electrothermal transducer is adjusted to discharge the 
25 liquid at 4 picoliter from the discharge port 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0056] 

30 

Fig. 1 is an oblique view of one embodiment of the 
ink jet printer of the present invention; 
Fig. 2 is an oblique view of the ink jet printer shown 
in Rg. 1 whose external structures are removed; 
35 Fig. 3 is an oblique view of one embodiment of the 

assembled recording head cartridge of the present 
invention; 

Rg. 4 is an oblique view of the disassembled 
recording head cartridge shown in Fig. 3; 
40 Fig. 5 is the disassembled recording head cartridge 
shown In Fig. 4, viewed obliquely upward; 
Figs. 6A and 6B are oblique views of one embodi- 
ment of the scanner cartridge of the present inven- 
tion; 

45 Rg. 7 is b block diagram schematically showing one 
embodiment of the whole structure of electrical cir- 
cuit for the present invention; 
Fig. 8, which is comprised of Figs. 8A and 8B, is a 
block diagram showing the internal structure of 

so main PCB shown in Fig. 7; 

Fig, 9, which is comprised of Figs. 9A, 9B and 9C, 
is a block diagram showing the internal structure of 
ASIC shown in Figs. 8A and 8B; 
Fig. 10 is a flow chart showing actions of one 

55 embodiment of the present invention; 

Fig. 11 is an oblique cutaway view outlining the 
structure of one embodiment of the present inven- 
tion for liquid discharging head; 
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Fig. 12 is a plan view of the major section of the 
substrate for the embodiment shown In Fig. 11; 
Rg. 1 3 is a 1 3-1 3 section of the plan view shown in 
Fig. 12; 

Fig. 14 is a plan view showing the major section of 
the substrate which supports a second protective 
layer formed by wet etching; 

Fig. 15 is a 15-15 section of the plan view shown in 
Fig. 14; 

Fig. 16 is an oblique view showing appearances of 
another embodiment of the present invention for liq- 
uid discharging head; 

Fig. 17 is a section of substrate structure for one 
conventional ink Jet head; 

Rg. 18 is a section of substrate structure for 

another conventional ink jet head; 

Rg. 19 is a section of substrate structure for still 

another conventional Ink jet head; 

Rg. 20 is a 20-20 section of the plan view shown in 

Rg. 12; 

Rg. 21 is a plan view showing the major portion of 
one embodiment of the present invention for liquid 
discharging head; and 

Rg. 22 is a sectional view showing the major por- 
tion of the liquid discharging head for the embodi- 
ment shown in Fig. 21. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[G057] The present invention is described more 
concretely by preferred embodiments as applied to an 
ink jet printer, referring to Figs. 1 to 1 6. It is to be under- 
stood that the present invention is not limited by these 
preferred embodiments, and variations may be made 
without departing from the spirit and scope of the inven- 
tion, described in the claims in this specification. 

[Body of the apparatus] 

[Q058] Rgs. 1 and 2 outline the structure of the 
printer working on ink jet recording. Referring to Fig. 1 , 
the body of apparatus M1000, serving as the external 
structure for the printer of this embodiment, is com- 
posed of the lower case M1001, upper case W1002, 
access cover Ml 003, and external member for the dis- 
charge tray M1004 and chassis M3019 (see Rg. 2) held 
in the external member. 

[0059] The chassis M301 9 is composed of a plural- 
ity of plate-shaped metallic members having a given 
rigidity, serving as the skeleton for the recorder and also 
holding the recording mechanisms described later. 
[0060] The lower case M1 001 farms essentially the 
lower half of the apparatus body M1 000, and the upper 
case M 1 002 the upper half. They are assembled to form 
a space therein, which holds various mechanisms 
described later. They have an opening on the front side 
and top side, respectively. 



[0061] The discharge tray M1004 is pivotally sup- 
ported at one end by the lower case M 1001, to rotate to 
open or close the opening on Its front side. The dis- 
charge tray M1004 is rotated forward to open the open- 
G ing while the recorder is in service, to allow the recorded 
sheets P to be discharged therethrough and accumu- 
lated on the tray one by one. The discharge tray Ml 004 
holds two auxiliary trays Ml 004a and M1004D, which 
can be drawn forward, as required, to expand the paper- 
to supporting area In 3 stages. 

[0062] The access cover M1003 is pivotally sup- 
ported at one end by the upper case M1 002, to rotate to 
open or close the opening on its top side. When the 
access cover M1003 is opened, the recording head car- 
15 tridge H1000, ink tank H1900 or the like can be 
exchanged. When the access cover M1003 is opened 
or dosed, the projection (not shown) on the back side 
rotates the cover opening/closing lever, the rotational 
position of the lever being detected by a microswrteh or 
20 the like to detect the opened or dosed condition of the 
access cover. 

[0063] An electrical source key E00 18 and resume 
key E001 9 are provided on the upper case M1 002 at the 
rear of the upper side in such a way that they can be 

25 pushed down. The LED E0020 is also provided, flicker- 
ing when the electrical source key E0018 is pushed 
down, to inform the operator that the recorder is ready 
for service. The LED E0020 has various display func- 
tions, to inform printer troubles or the like to the operator 

30 by changing the flickering manner or color or activating 
the buzzer E0021 (see Fig. 7). The printer can be 
restarted by pushing down the resume key E0019, after 
the trouble is solved. 

35 [Recording mechanism] 

[0064] The recording mechanism, held in the 
printer apparatus body M1000, for one embodiment of 
the present invention is described. 

40 [0065] The recording mechanism of this embodi- 
ment comprises the automatic supply section M3022 
which automatically supplies the recording sheets P into 
the apparatus body, transfer section M3029 which 
passes the recording sheets P, sent one by one out of 

45 the automatic supply section, to a given recording posi- 
tion, and guides the transferred recording sheets P 
toward the discharge section M3030, recording section 
which records information on the recording sheets P 
sent to the transfer section M3029, and recovery section 

so M5000 which recovers the recording section or the like. 

(Recording section) 

[0066] The recording section is described. 
55 [0067] The recording section is composed of the 
carriage M4001, movably supported by the carriage 
axis M4021, and recording head cartridge H100O 
releasably supported by the carriage M4001 . 
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Recording head cartridge 

[0068] The recording head cartridge is described by 
referring to Figs. 3 to 5. 

[0069] Referring to Fig. 3, the recording head car- 
tridge H1 000 of this embodiment comprises the ink tank 
H1900 which holds an ink, and recording head H1001 
which discharges the ink supplied from the ink tank 
HigoO through the nozzle In accordance with recording 
Information, the recording head H1001 being reieasably 
supported by the carriage M4001, described later (the 
so-called cartridge mode). 

[0070] For the recording head cartridge H1000 
shown in the figure, ink tanks are provided each hold- 
ing, e.g., a black, light cyan, light magenta, cyan, 
magenta or yellow color, to produce photographic type 
high-quality colored images, each tank being reieasably 
attached to the recording head H1001, as shown in Fig. 
4. 

[0071] The recording head cartridge HI 001 com- 
prises (see the oblique view of the disassembled car- 
tridge, shown in Fig. 5) the recording device substrate 
H1100, first plate H1200, electrical wiring substrate 
H1300, second plate H1400, tank holder H1500, pas- 
sage-forming member H1600, filter H1700, and seal 
rubber H1 800. 

[0072] The recording device substrate H1100 sup- 
ports a plurality of recording devices on one side of the 
Si substrate and electrical wires Al and the like for sup- 
plying power to each recording device, both formed by 
film-making techniques; a plurality of Ink passages, 
each corresponding to each recording device, and dis- 
charge ports H1 1 0OT, both formed by photolithographic 
techniques; and a plurality of ink supply ports, each cor- 
responding to each ink passage, opened toward the 
back side. The recording device substrate H1100 is 
fixed on the first plate H1200 by an adhesive, where the 
ink supply port H1201 is formed to supply the ink to the 
recording device substrate H110O. The second plate 
H14O0 with an opening is fixed on the first plate H1200 
by an adhesive, and supports the electrical wiring sub- 
strate H1300 in such a way to electrically connect the 
substrate H1300 to the recording device substrate 
H1100. The electrical wiring substrate H1300 applies 
an electrical signal to the recording device substrate 
H1 1 00 for discharging the ink, and has the electrical wir- 
ing circuit, corresponding to the recording device sub- 
strate H1100, and the external signal inputting terminal 
H1301 located at the end of the electrical wiring circuit 
to receive an electrical signal from the apparatus body, 
wherein the external signal inputting terminal H1301 is 
set on the back side of the tank holder H1500, 
described later, at a given position. 
[0073] The passage-forming member H1600 is 
joined, by ultrasonic fusing, to the tank holder H1500 
which relesably holds the ink tank H1900, to form the 
ink passage H1501 extending from the ink tank H1900 
to the first plate H1200. The ink passage H1501, con- 



nected to the ink tank H1900, is provided with the filter 
H1700 on the ink tank side, which prevents inflow of 
dust from the outside. It is sealed with the seal rubber 
HI 800 at the joint with the ink tank Hi 900, to prevent 

5 vaporization of the ink from the joint. 

[0074] The recording head H1001 is formed, as 
deserted earlier, by connecting, with the aid of adhe- 
sive or the like, the tank holder section to the recording 
device section, the former being composed of the tank 

jo holder H15O0, passage-forming member HI 600, filter 
H1 700 and seal rubber H 1 800, and the latter the record- 
ing device substrate H1 1 00, first plate H1 200, electrical 
wiring substrate H1300 and second plate H1400. 

is Carriage 

[0075] The carriage M4001 is described by refer- 
ring to Rg. 2. 

[0076] As shown, the carriage M4001 is provided 
20 with the carriage cover M4002 which is connected to the 
carriage M4001 to guide the recording head H1001 to a 
given position on the carriage M4001, and head set 
lever M4007 which is connected to the tank holder 
H1500 of the recording head H1001 and presses the 
25 recording head H1001 to set it at a given position. 

[0077] More concretely, the head set lever M4007 is 
pivotaJiy supported by the head set lever axis on the 
upper section, of the carriage M4001 , and provided with 
a head set plate (not shown) via a spring at the joint with 
30 the recording head H1001. This spring presses the 
recording head H1001 to attach it to the carriage 
M4001 . 

[0078] The carriage M4001 is also provided with the 
contact flexible print cable (hereinafter referred to as 

35 contact FPC) E0011 at another joint with the recording 
head H1001, where the contact section of the contact 
FPC E001 1 is electrically connected to the contact sec- 
tion (external signal inputting terminal) H1301 on the 
recording head H1001, for various services, e.g., trans - 

40 mission/reception of various types of information for 
recording, and supplying power to the recording head 
H1001. 

[0079] An elastic member, e.g., that of rubber (not 
shown), is placed between the contact section of the 
45 contact FPC E0011 and carriage M4001, to securely 
connect, together with the spring of the head set lever 
M4007, the contact section to the carriage M4001. The 
contact FPC E0011 is also connected to the carriage 
substrate E0013 supported by the back side of the car- 
50 riage M4001 (see Fig. 7). 

[Scanner] 

[0080] The printer of this embodiment can also 
55 serve as a reader, when the recorder is replaced by the 
scanner shown. 

[0081 ] This scanner moves with the carriage on the 
printer side, and reads manuscript images, sent in place 
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of a recording medium, in the auxiliary scanning direc- 
tion. The reading and manuscript sending are alter- 
nately effected, to read a sheet of manuscript Image 
information. 

[Q082] Figs. 6 A and 6B outline the structure of the s 
scanner M6000. 

[0083] As shown, the scanner holder M600 1 is box- 
shaped, holding therein an optical system, processing 
circuits and the like required for the reading service. The 
scanner M6000 Is provided, when to be incorporated in io 
the carriage M4001, with the scanner reading lens 
M6006 facing the manuscript surface, by which the 
image is read out. The scanner illuminating lens M6005 
holds a light source (not shown) therein, from which 
light is emitted onto the manuscript. 15 
[0084] The scanner holder M6001 is provided with 
the scanner cover M6003, which is fit into the bottom to 
shield light for the scanner holder M60O1 inside and can 
be attached to, or detached from, the carriage M4001 
by a louver-shaped holder provided on the scanner 20 
holder M6O01 side. The scanner holder M6001 has an 
external shape almost the same as that of the recording 
head H1 001 , and can be releasably attached to the car- 
riage M4001 in a manner similar to that for the recording 
head cartridge H 1 000. 25 
[0085] The scanner holder M6001 holds the sub- 
strate provided with the above-described processing cir- 
cuit in such a way that the scanner contact PCB 
connected to the substrate is exposed to the outside, 
and that the scanner contact PCB M6004 comes into 30 
contact with the contact FPC E0011 ol the carriage 
M4001 , when the scanner M6000 is attached to the car- 
riage M4001, to electricalry connect the above- 
described substrate to the control system of the appara- 
tus body via the carriage M4001 . 35 
[0086] Next, the electrical circuit structure for one 
embodiment of the present invention is described. 
[0087] Fig. 7 is a block diagram schematically 
showing the whole structure of electric circuit for this 
embodiment. 40 
[0088] The major components of this electrical cir- 
cuit include the carriage substrate (CRPCB) E0013, 
main PCB (printed circuit board) E0014, and electrical 
source unit E0015. 

[0089] The electrical source unit E0015 is con- 45 
nected to the main PCB E001 4, to supply powerfor driv- 
ing various devices. 

[0090] The carriage substrate E001 3 is a print sub- 
strate unit supported by the carriage M400T (see Fig. 
2), to provide various services, functioning as the inter- so 
faca for transmission/reception of the signals with the 
recording head via the contact FPC E0011, detecting 
changed positional relationship between the encoder 
scale E0005 and encoder sensor E0004, based on the 
pulse signals outputted from the encoder sensor E0004 55 
as the carriage M4001 moves, and transmitting the out- 
putted signals to the main PCB E0014 via the flexible 
flat cable (CRFFC) E0012. 
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[0091] The main PCB is the print substrate unit 
responsible for controlling various components of the 
Ink Jet recording apparatus of this embodiment. It has 
I/O ports thereon for, e.g., the paper end sensor (PE 
sensor) E0007, ASF sensor E0009, cover sensor 
E0Q22, parallel Interface (parallel l/F) E0016, serial 
interface (serial l/F) E0017, resume key E0O19, LED 
E0020, electrical source key E0018, and buzzer E0021; 
is connected to the CR motor E0001 , LF motor E0002 
and PG motor E0003 to control them; and has the con- 
nection interfaces with the ink end sensor E0006, GAP 
sensor E0008, PG sensor E0010, CRFFC E0012 and 
electrical power unit E0015. 

[0092] Figs. 8 A and 8B are block diagrams showing 
the internal structure of the main PCB. 
[0093] In Figs. 8A and 8B, the device of El 001 is 
the CPU, which holds therein the oscillator (OSC) 
E1 002, and is connected to the oscillation circuit E1005, 
to generate a system clock by the 6ignal E1019 output- 
ted therefrom. It is also connected to the ROM E1004 
and ASIC (application specific integrated circuit) E1006 
via the control bus E1 01 4, for driving or controlling vari- 
ous components of the Inkjet recording apparatus; e.g., 
controlling the ASIC, and detecting conditions of the 
input signal E1 01 7 from the electrical source key, input 
signal E1 01 6 from the resume key, cover detecting sig- 
nal E1042 and head detecting signal (HSENS) E1013, 
following the programs stored In the ROM; driving the 
buzzer E0021, following the buzzer signal (BUZ) El 01 8; 
detecting conditions of the ink end detection signal 
(INKS) E101 1 to be transmitted to the built-in A/D con- 
verter E1003 and thermistor temperature detection sig- 
nal (TH) E1012; and performing various logic 
calculations and judging various conditions. 
[0094] The head detection signal E1013 includes 
the head-carried detection signals Inputted from the 
recording head cartridge H1000 via the flexible flat 
cable E0012, carriage substrate E0013 and contact 
flexible print cable E001 1 . The ink end detection signal 
is the analogue signal outputted from the ink end sensor 
E00O6, and thermistor temperature detection signal 
E1012 is the analogue signal from the thermistor (not 
shown) provided on the carriage substrate E0013. 
[0095] The CR motor driver E1008 is driven by 
power supplied from the motor electrical source (VM) 
El 040, to generate the CR motor driving signal E1037, 
based on the CR motor control signal E1036 sent from 
the ASIC E1 006, and drives the CR motor E0001 . The 
LF/PG motor driver E1009 is driven by power supplied 
from the motor electrical source E1040, to generate the 
LF motor driving signal E1035, based on the pulse 
motor control signal (PM control signal) E1 033 sent 
from the ASIC E1 008, drives the LF motor based on the 
signal, and also generates the PG motor driving signal 
E1 034 to drive the PG motor. 

[0096] The electrical source control circuit E1010 
controls power to be supplied to, e.g., sensors having a 
light-emitting device, based on the electrical source 
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control signal E1024 sent from the ASIC E1006. The 
parallel l/F E001 6 transmits the parallel l/F signal E1 030 
sent from the ASIC E1006 to the parallel l/F cable 
El 031 connected to the outside, and also transmits the 
signal by the parallel l/F cable E1031 to the ASIC s 
E1008. The serial l/F E001 7 transmits the serial l/F sig- 
nal E1028 sent from the ASIC El 006 to the serial l/F 
cable E1029 connected to the outside, and also trans- 
mits the signal by the serial l/F cable E1029 to the ASIC 
E1006. jo 
[0097] The electrical source unit E0015 supplies 
power to the head electrical source (VH) E1039, motor 
electrical source (VM) E1040, and logic electrical 
source (VDD) E1041. The head electrical source ON 
signal (VHON) E1022 and motor electrical source ON is 
signal (VMOM) El 023, sent from the ASIC E1006, are 
inputted in the electrical source unit E0015, to control 
ON/OFF of the head electrical source E1039 and motor 
electrical source E1040, respectively. The logic electri- 
cal source (VDD) E1041, supplied from the electrical 20 
source unit E0015, is supplied to various devices inside 
and outside of the main PCB ED0 14, after its voltage is 
converted, as required. 

[0098] The head electrical source E1039 is sent to 
the flexible flat cable E001 1, after being leveled on the 25 
main PCB E0014, to be U6ed lor driving the recording 
head cartridge H1 000. 

[0099] The reset circuit E1007 detects the logic 
electrical source voltage El 040, when it is lowered, and 
sends the reset signal (RESET) E1015 to the CPU 30 
E1001 and ASIC E1 006 for initialization. 
[0100] The ASIC E1 006 is a one-chp semiconduc- 
tor integrated circuit, and is controlled by the CPU 
E1001 via the control bus E 101 4. It outputs, e.g., the CR 
motor control signal E1036, PM control signal E1033, 35 
electrical source control signal E1024, head electrical 
source ON signal E1022 and motor electrical source 
ON signal E1023; is in communication with the parallel 
l/F E0016 and serial l/F E0017 for signals; and detects 
conditions of the PE-detected signal (PES) E1025 from 40 
the PE sensor E0007, AFS-detected signal (ASFS) 
E1026 from the ASF sensor E0009, GAP-detected sig- 
nal (GAPS) E1027 from the GAP sensor E0008 and 
PG-detected signal (PGS) E1032 from the PG 6ensor 
E0007, and transmits the conditional data to the CPU 45 
E1001 via the control bus E1014, the CPU E1001 con- 
trolling the driving of LED driving signal El 038, based 
on the data it receives, to flicker the LED E0020. 
[0101] The ASIC E1006 also detects conditions of 
the encoder signal (ENC) E1 020 to generate the timing so 
signal, and keeps interface with the recording head car- 
tridge H1000 by the head control signal El 021 to con- 
trol its recording action, where the encoder signal (ENS) 
E1020 is outputted by the CR encoder sensor E0004 to 
be sent to the ASIC E1006 via the flexible fiat cable 55 
E0012. The head control signal E1021 is sent to the 
recording head H1000 via the flexible flat cable E0012, 
carriage substrate E0013 and contact FPC E001 1 . 



[0102] Figs. 9A to 9C are block diagrams showing 
the Internal structure of the ASIC E1006. 
[0103] Figs. 9A to 9C only show the data flows 
related to controlling the head and mechanism compo- 
nents, e.g., data for recording and motor controlling, and 
omits other control signals, e.g., those related to read- 
ing/writing resistors (these data are stored in the 
blocks), and also to clocks and DMA controlling, to avoid 
complication of the drawing. 

[0104] The PLL E2002 generates, based on the 
clock signal (CLK) E2031 from the CPU E1001 and PLL 
control signal (PLLON) E2033 as shown in Figs. 9A to 
OC, clocks (not shown) to be supplied to most parts in 
the ASIC E1 006. 

[0105] The CPU interface (CPU l/F) E2001 pro- 
vides various functions, based on the reset signal 
E1015, shift reset signal (PDWN) E2032 outputted by 
the CPU E1001, clock signal (CLK) E2031 and control 
signal sent from the control bus El 014, e.g., controlling 
resistor reading/writing for each block, described later, 
supplying clocks to some blocks, receiving interruption 
signal (not shown), outputting interruption signal (INT) 
E2034 for the CPU E1 001 , and informing Interruption in 
the ASIC E1 006. 

[0106] The DRAM E2005 has a variety of regions, 
e.g., those for reception buffer E2010, work buffer 
E201 1, print buffer E2014 and data buffer for develop- 
ment E2016 as the recording data buffers; motor control 
buffer E2023 for motor controlling; and scanner taking- 
in buffer E2024, scanner data buffer E2026 and feed 
buffer E2028 as those to be used during scanner action 
mode, in place of the above-described recording data 
buffers. 

[0107] The DRAM E2005 is also used as the work 
region required for the actions of the CPU E1001. The 
DRAM control section E2004 switches the access from 
the CPU E1001 to the DRAM E2005 by the control bus 
to the access from the DMA control section E2003, 
described later, to the DRAM E2005, to perform the 
reading/writing actions for the DRAM E2005. 
[0108] The DMA control section E2003 outputs, on 
receiving the request (not shown) from each block, the 
address or control signal (not shown), or, in the case of 
the writing action, data for writing (E2038, E2041, 
E2044, E2053, E2055 and E2057) for the RAM control 
section, to make access to the DRAM. In the case of the 
reading action, it sends the data for reading (E2040, 
E2043, E2045, E2061 , E2054, E2056, E2058, E2059) 
from the DRAM control section E2004 to the block 
which has requested the data. 

[0109] The 12841 l/F E2006 is controlled by the 
CPU E1001 via the CPUl/F E2001 to serve as the inter- 
face for the bilateral communication with the external 
host device (not shown) via the parallel l/F E0016; 
transmits, in the case of the recording action, the data 
received from the parallel l/F E0016 (data E2036 
received from PIF), after DMA-processing them, to the 
reception control section E2008; and transmits, in the 
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case of the scanner reading action, the data stored in 
the feed buffer E2028 (12B4-transmttted data (PDPIF) 
E2059) In the DRAM E2005 to the parallel l/F, after 
DMA-processing them. 

[0110] The USBI/F E2007 is controlled by the CPU 
E1001 via the CPUI/F E2001 to serve as the Interface 
for the bilateral communication with the external host 
device (not shown) via the serial l/F E0017; transmits, in 
the case of the printing action, the data received from 
the serial l/F E0O17 (USB-received data E2037), after 
DMA-processing them, to the reception control section 
E2008; and transmits, in the case of the scanner read- 
ing action, the data stored in the feed buffer E2028 
(USB-transmltted data (RDUSB) E2058) in the DRAM 
E2005 to the serial l/F E0017, after DMA-processing 
them. The reception control section E2008 writes the 
data ((WDIF) E2038) received 1rom the selected l/F 
(12B4I/F E2006 or USBI/F E2007) in the reception 
buffer writing address, controlled by the reception buffer 
control section E2039. 

[0111] The compression and extension DMA 
E2009 is controlled by the CPU E1001 via the CPUI/F 
E2001 to read the received data (raster data), stored in 
the reception buffer E2010, from the reception buffer 
reading address, controlled by the reception buffer con- 
trol section E2039; and compresses and extends the 
data (RDWK) E2040 following the designated mode; 
and writes them as the recording code rows (WDWK) 
E2041 in the work buffer region. 

[0112] The recording buffer transfer DMA E2013 is 
controlled by the CPU E1007 via the CPUI/F E2001 to 
read the recorded code (RDWP), stored in the work 
buffer E201 1 , and transfers these code (WDWP E2044) 
to the recording head cartridge H1000, after rearrang- 
ing the recorded codes, in accordance with the 
addresses on the print buffer E2014, in the data transfer 
order to be suited for transfer. The work area DMA 
E2012 is controlled by the CPU E1001 via the CPUI/F 
E2001 to write the designated work fill data (WDWF) 
E2042 repeatedly in the region on the work buffer, to 
which data have been transferred completely by the 
recording buff er transfer DMA E2015. 
[0113] The DMA for development of recording data 
E2015 is controlled by the CPU E1001 via the CPUI/F 
E2001 to read, with the data development timing signal 
E205O sent from the head control section E2018 as the 
trigger, the recorded codes rearranged and wrote on the 
print buffer and data for development wrote on the data 
buffer for development E201 6 to produce the developed 
recording data (RDHDG) E2045, and writes them on 
the column buffer E2017 as the column buffer writing 
data (WDHDG) E2047. The column buffer E2017 
serves as the SRAM which temporarily stores the data 
(recording data for development) to be transferred to the 
recording head cartridge H1000, and is commonly con- 
trolled by two blocks of the DMA for development of 
recording data and head control section with the hand 
shake signal (not shown). 



[01 1 4] The head control section E201 8 Is controlled 
by the CPU E1001 via the CPUI/F E2001 to serve aa 
the Interface with the recording head cartridge H1O00 or 
scanner via the head control signal, and to transmit the 

5 data development timing signal E2050 to the DMA for 
development of recording data E2015, based on the 
head drive timing signal E2049 sent from the encoder 
signal processing section E2019. 
[01 1 5] For printing, It reads the developed recording 

io data (RDHD) E2048 from the column buffer, based on 
the head drive timing signal E2049, and transmits the 
data to the recording head cartridge H1000 by the head 
control signal E1021. 

[0116] In the scanner reaolng mode, it transfers the 
15 data (WDHD) E2053 taken-in via the head control sig- 
nal El 021 to the scanner taking-in buffer E2024 on the 
DRAM E2005 (DMA transfer). The scanner data 
processing DMA E2025 Is controlled by the CPU E1 001 
via the CPUI/F E2001 to read the taking-in buffer read- 
20 ing data (RDAV) E2054, stored in the scanner taking-in 
buffer E2024, process them by leveling or the like, and 
write the processed data (WDAV) E2055 on the scanner 
data buffer E2026 on the DRAM E2005. 
[01 17] The scanner data compression DMA E2027 
25 is controlled by the CPU E1 001 via the CPUI/F E2001 to 
read the processed data (RDVC) E2066 on the scanner 
data buffer E2026, compress them, and write the com- 
pressed data (WDYC) E2057 in the feed buffer E2028 
for transfer. 

30 [0118] The encoder signal processing section 
E2019 outputs, on receiving the encoder signal (ENC), 
the head drive timing signal E2049 in accordance with 
the mode controlled by the CPU E1 001 . It also stores, in 
the resistor, information related to position and speed of 

35 the carriage M4001, obtained by the encoder signal 
E1020, and supplies these data to the CPU E1001. 
CPU E10O1 determines, based on these data, various 
parameters for controlling the CR motor E0001 . The CR 
motor control section E2020 is controlled by the CPU 

40 E1001 via the CPUI/F E2001 to output the CR motor 
control signal E1036. 

[01 19] The sensor signal processing section E2022 
receives various detected signals sent from, e.g., PG 
sensor E0010, PE sensor E0007, ASF sensor E0009 

45 and GAP sensor E0008, and transmits these sensor- 
detected signals to the CPU E1001 in accordance with 
the mode controlled by the CPU E1 001 . It also transmits 
the sensor-detected signal E2052 to the LF/PG motor 
control section DMA E2021. 

so [01 20] The LF/PG motor control DM A E2021 is con- 
trolled by the CPU E1001 via the CPUI/F E2001 to read 
the pulse motor driving table (RDPM) E2061 from the 
motor control buffer E2023 on the DRAM E2005, and 
outputs the pulse motor control signal E1033. It also 

55 outputs the pulse motor control signal E1033, with the 
sensor-detected signal as the trigger, depending on an 
action mode. 

[01 21 ] The LED control section E2030 is controlled 
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by the CPU E1001 via the CPUI/F E2001 to output the 
LED drMng signal E1038. The port control section 
E2029 Is controlled by the CPU El 001 via the CPUl/F 
E2001 to output the head electrical source ON signal 
E1022, motor electrical source ON signal E1023, and 
electrical source control signal E1 024. 
[0122] The actions of one embodiment of the ink jet 
recording apparatus of the present invention, outlined 
above, are described by the flow chart shown in Fig. 1 0. 
[0123] The first initialization processing step (S1) 
starts, when this apparatus is connected to an AC elec- 
trical source, to check the electrical circuit systems of 
this apparatus, e.g., those for ROM and RAM, and 
thereby to confirm that the apparatus is normally opera- 
ble electrically. 

[0124] The step S2 judges whether the electrical 
source key E001 8 on the upper case M1 002 which cov- 
ers the apparatus body M1000 is switched on, and the 
step S3 starts when the electrical source key E0018 is 
pushed down for the second initialization. 
[0125] The second initialization processing step 
checks the driving mechanisms and the head system of 
the apparatus, confirm whether the apparatus is nor- 
mally operable for initialization of the motors and read- 
ing head information. 

[0126] The step S4 waits for an event, watching, 
e.g., instruction events via external l/F's for the appara- 
tus, panel key event triggered by the user, and internal 
control events, and, when an event occurs, starts the 
apparatus to process the job instructed by the event 
[0127] For example, the printing instruction event is 
received via an external l/F in the 6tep S4, the step S5 
starts. When the electrical source key event by the user 
occurs in the step S5, the step proceeds to the step 
S10, and to the step S1 1 when another event occurs in 
the step S10. 

[01 28] The step S5 analyzes the printing instruction 
sent via an external l/F; recognizes the designated 
paper type, paper size, printing quality, paper supply 
method and the like; stores the data of the recognized 
results In the RAM E200S In the apparatus; and starts 
the step S6. 

[0129] The step S6 starts supplying papers by the 
method instructed from the step S5; send the paper to a 
given record-starting position; and starts the step S7. 
[0130] The step S7 is a recording step, where it 
temporarily stores the recording data sent from an 
external l/F in the recording buffer; drives the CR motor 
E0001 to move the carriage M4001 in the scanning 
direction; supplies the recording data stored in the print 
buffer E2014 to the recording head H1001 to record one 
line; drives the LF motor E0002, when the action for 
record ng the data for one line is completed, to send the 
paper in the auxiliary scanning direction by rotating the 
LF roll M3001 ; repeats the above actions until the action 
for recording the data, sent from the external l/F, for one 
page is completed; and starts the step S8. 
[0131] The step SB drives the LE motor E0002 and 



paper discharge roller M2003, to repeat the paper- 
sending action until the papers are judged to be com- 
pletely sent out of the apparatus. The papers are totally 
discharged onto the paper discharge tray Ml004a, 

5 when this step is completed. 

[0132] The step S9 Judges whether the action for 
recording all of the pages to be recorded is completed 
or not; returns the step back to the step S5 when one or 
more pages to be recorded are judged to remain. When 

10 the step is returned back to S5, the steps S5 to S9 are 
repeated, until the action for recording all of the pages 
to be recorded is completed. Then, the step is returned 
back to the step S4, to wait for a next event 
[01 33] The step S 1 0 stops the printer, and stops all 

15 of the actions of this apparatus. More concretely, it 
acquets the electrical sources for the motors and head at 
the conditions ready for cutting, and cuts them; and 
starts the step S4 to wait for a next event. 
[0134] The step S11 treats the events other than 

20 the above. For example, it corresponds to the recovery 
instructions sent from the panel keys of this apparatus 
and external l/F's, and internally generated recovery 
events. It 6tarts the step S4 to wait for a next event, after 
the processing is completed. 

25 [0135] The present invention is described more 
concretely by Examples. 

(Example 1) 

30 [0136] Part of the recording head H1001 of Exam- 
ple 1 is shown in Fig. 1 1 , which is a broken oblique view. 
The major part of Hs substrate unit is shown in Fig. 12, 
which is a plan view. Figs. 13 and 20 show the 13-13 
and 20-20 sections, respectively, of the plan view shown 

35 in Fig. 1 2; where, a substrate 1 1 as the recording device 
substrate H1100 supports the electrothermal trans- 
ducer 18, which is formed by the heat generating resist 
layer 13 placed between a pair of the electrode wiring 
circuits 1 4a and 14b. The step 15 is formed by a pair of 

40 the electrode wiring circuits 1 4a and 1 4b to stand on the 
heat generating resist layer 13. They are protected by 
the first protective layer 17 and second protective layer 
1a The discharge port 19, corresponding to the dis- 
charge port H1100T, discharges ink droplets. The ink is 

45 supplied to the ink chamber 20 via the ink supply port 2 1 
(corresponding to the ink supply port H1201 ), opened in 
the substrate 11 , and then supplied from the ink cham- 
ber 20 to the discharge port 19. 

[0137] The substrate 11 is normally produced by 
so the following procedures: the heat generating resist 
layer 13 and a pair of the electrode wiring circuits 14a 
and 14b are normally patterned on an Si wafer by pho- 
tolithography; the ink chamber 20 and the discharge 
port 19 are made of a photosensitive resin; the ink sup- 
55 ply port 21 is formed by anisotropic etching or the like; 
and the Si wafer is cut off. The electrical wiring substrate 
H1300 (see Fig. 5), responsible for transmitting/receiv- 
ing the electrical signal to drive the electrothermal trans- 
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ducer 18, Is connected to the substrate 11 by a 
mounting technique. The electrical wiring substrate 
H1300 supports driving devices, e.g., power transistor 
for electrically switching the electrothermal transducer 
18 on or off, and CMOS logic circuit for controlling the 
power transistor, formed by the semiconductor tech- 
niques to be connected to the electrothermal transducer 
1 8 via a pair of the electrode wiring circuits 1 4a and 1 4b. 
[01 38] In this example, the discharge ports 1 9 were 
formed in two rows running In parallel to each other 
sandwiching the ink supply port 21, each port in one 
row being off the corresponding one in the other row by 
half a pitch, and the ink chambers 20 were arranged at 
intervals of 600 dpi for the corresponding discharge 
ports 19. 

[0139] Each of the ink chambers 20 was provided 
with the electrothermal transducer 18, to discharge the 
ink droplets from the discharge port 19 at 4 pfcoliter. 
[0140] In this example, the substrate 1 1 was made 
of an Si wafer, which was thermally oxidized to form the 
oxide layer 12 as a several urn thick SiO z film. It was 
then coated with the heat generating resist layer 13 
(around 500A thick) by sputtering, in this example, the 
heat generating resist layer 13 was made of TaN, which 
may be replaced by, e.g., HfB 2 or TaSiN. Next, the Al 
layer for a pair of the electrode wiring circuits 14a and 
14b was formed to a thickness of around 21 uoA with a 
tolerance of ±300A, and patterned on the wiring region 
using a mask. In this example, the electrode wiring cir- 
cuits 14a and 14b were made of Al, which may be 
replaced by an alloy, e.g., Al-Si, Al-Cu or Al-si-Cu. The 
heat generating resist layer 13 and a pair of the elec- 
trode wiring circuits 14a and 14b were simultaneously 
treated by dry etching, and the electrothermal trans- 
ducer 18 is patterned using a mask. Then, the Al layer 
in the electrothermal transducer 18 area was removed 
by wet etching. 

[0141] Thickness of the Al layer for a pair of the 
electrode wiring circuits 14a and 14b was decreased to 
around 21O0A. Decreasing the thickness increases wir- 
ing resistance, which increases power consumption and 
temperature of the substrate 1 1 . Therefore, the conven- 
tional device has a thicker circuit. 
[0142] However, resistance of the wiring circuit is 
much lower than that of the heat generating resist layer 
13. It is demonstrated by verifying the results of Exam- 
ple 1 that decreasing thickness of the Al layer to the 
above level should not cause notable problems with 
respect to power loss or Increased temperature of the 
substrate and that these disadvantages are well com- 
pensated by saved power, and improved thermal 
response and durability of the heat generating resist 
layer 13, which result from decreased thickness of the 
first protective layer 17 over the heat generating resist 
layer 13. 

[0143] The minimum allowable thickness of the 
electrode wiring circuits 14a and 14b is largely deter- 
mined by current density, which represents how much 



current flows for how long in the unit cross sectional 
area, which is determined by Its width and thickness, it 
Is generally well known that resistance of the material 
that constitutes the electrode wiring circuit 14a and 14b 
B by electromigration increases as current density and 
conducting period increase. 

[0144] It should be noted, however, that the elec- 
trode wiring circuits 14a and 14b over the substrate 1 1 
are exposed to 3x1 0 8 to 1x1 0 9 conducting cycles, each 
w lasting a very short time of 1 u/nin, at a repeated driving 
frequency of 30 kHz or so. 

[0145] The substrate 11 of Example 1 was ana- 
lyzed for electromigration at its electrode wiring circuits 
14a and 14b. No change in resistance of these circuits 

is was observed for 3x1 0 9 pulses under the conditions of 
current density of 1 .5x1 0 7 A/cm, conducting pulse width 
of 1 .3 \is and substrate temperature of constant 60°C. 
[0146] The electrode wiring circuits 14a and 14b 
were coated with the first protective layer 17 of SiN, 

20 formed by CVD to a thickness of 3000A with a tolerance 
of ±400A. SiN may be replaced by silicon oxide. 
[0147] Then, the second protective layer 16 of Ta 
was formed by sputtering to a thickness of 2300A with a 
tolerance of ±280A. Ta may be replaced by TaN or 

25 TaSiN. 

[0148] The patterning was again effected, and 
unnecessary portion of the second protective layer 1 6 of 
Ta was removed by dry etching. Dry etching time was 
set for overetching, to prevent the second protective 
30 layer 16 from remaining in the cavity 22 between the 
heat generating resist layers 13 (and electrode wiring 
circuits 14a and 14b which were placed on the resist 
layers alternately) arranged in parallel to the direction of 
the electrothermal transducer 18 row. When the second 
35 protective layer 1 6 remains, and when there is a pinhole 
in the first protective layer 17 below the area where the 
second protective layer 16 remains (hereinafter referred 
to as the residual area), the wiring electrode and resid- 
ual area are electrically connected to each other, to pos- 
40 sibly oxidize the residual area. The necessary portion of 
the second protective layer 16 can be oxidized, when 
the current reaches there. If this occurs, the layer 16 
may not provide protection against cavitation. In order to 
remove the unnecessary portion of the second protec- 
ts tive layer 16 without leaving behind the residual area, 
the dry etching is effected preferably to an overetching 
extent of at least 100A. This overetching will make the 
first protective layer 17 thinner in the area where the 
second protective layer 16 is removed than In the area 
so where Ta that constitutes the second protective layer 1 6 
remains. The difference is preferably 200A or less, in 
order to securely protect the electrode wiring, 
[0149] When the etchant gas is ejected at a right 
angle to the substrate 11 surface during the dry etching 
55 process, the first protective layer 1 7 around the step 23, 
formed by the heat generating resist layer 13 and elec- 
trode wiring circuits 14a and 14b placed on the resist 
layer 13 to stand on the substrate 11 surface (or oxide 
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layer 12 surface, In the figure), Is at an angle to the etch- 
ant gas ejection direction. This relaxes Inflow ol the 
etchant gas Into the above portion of the first protective 
layer 17, even when it is cracked, preventing damages 
of the heat generating resist layer 13 and electrode wir- 
ing circuits 14a and 14b placed on the resist layer 13. It 
should be noted, however, that, when the first protective 
layer 17 Is excessively removed by the overetchlng, the 
portion around the step 23 is etched faster than the oth- 
ers, because of its rougher film texture, to possibly 
cause damages of the electrode wiring circuits 1 4a and 
14b. 

[0150] Use of the anisotropic dry etching will more 
efficiently protect the electrode wiring circuits 14a and 
14b placed on the resist layer 13 from damages, even 
when the first protective layer 17 around the step 23 
standing on the substrate 1 1 is cracked. 
[0151] Fig. 14 6hows the substrate surface condi- 
tions wet-etched to remove the unnecessary portion of 
the second protective layer 16, and Fig. 15 shows the 
XV-XV section of the structure shown in Fig. 14, where 
the members shown in these figures are marked with 
the same numbers, when they are functionally corre- 
sponding to each other. It is found, when wet etching is 
used to remove the unnecessary portion of the second 
protective layer 16, that the etchant penetrates into the 
first protective layer 1 7 around the step 23 through the 
cracks, to etch the electrode wiring circuits 14a and 14b, 
producing the defect 24. On the other hand, when wet 
etching is used to remove the unnecessary portion of 
the second protective layer 1 6, as is tor this embodiment 
of the present invention, the troubles of etching the elec- 
trode wiring circuits 14a and 14b are not observed, 
unlike the case of wet etching, whether or not the 
defects, e.g., pinholes or cracks, are present in the first 
protective layer 17. 

[0152] In addition, the overetching by dry etching 
can taper the portion of the first protective layer covered 
by the second protective layer and portion of the first 
protective layer not covered by the second protective 
layer In the vicinity of the boundary between them. The 
tapered shape will be described more concretely in 
Example 2. 

[0153] The recording head H1001 was produced by 
incorporating the above substrate unit, and exposed to 
cycles of ink injection to test its durability. Disconnection 
of the wiring for the heat generating resist layer 13 or 
other troubles were not observed for 1x10 s cycles, as 
compared with 3x1 0 8 cycles or more set as the target. 
In this recording head H1001, the first protective layer 
17 was approximately 1.14 times thicker than the layer 
of the electrode wiring circuit 1 4a or 1 4b. 

(Example 2) 

[01 54] Fig. 21 is a plan view showing the major por- 
tion of the liquid discharging head prepared in Example 
2, and Fig. 22 is an 22-22 sectional view of the head 



shown in Fig. 21 , where the devices marked with 25 and 
26 are the member for forming the discharge port, and 
adhesive layer to Improve adhesion between the sub- 
strate and member for forming the discharge port, 

s respectively. The assembly of the substrate and mem- 
ber for forming the discharge port corresponds to the 
recording device substrate H1 100. The other structural 
features and effects are similar to those associated with 
the recording head H1001 of Example 1. 

io [0155] The liquid discharging head shown In Figs. 
21 and 22 was fabricated by assembling the adhesive 
layer 26 and member for forming the discharge port 25 
with the substrate unit 27 for the liquid discharging 
head, similar to that described in Example 1 . 

15 [0156] The substrate unit 27 for the liquid discharg- 
ing head, similar to that described in Example 1 , was 
coated with polyether amide resin to a thickness of 2.0 
urn as the adhesive layer 26 by the following procedure. 
The polyether amide resin (Hitachi Chemical Co., Ltd., 

20 HI MALI 200) was spread over the substrate unit 27 by a 
spinner, and baked at 1 00 6 C for 30 min and 250°C for 1 
hour. 

[0157] The resin layer was then patterned using a 
positive resist (Tokyo Ohka Kogyo Co., Ltd., OFPR800), 

25 and further patterned by an 0 2 plasma asher with the 
OFPR patterns serving as the mask. The OFPR pat- 
terns as the mask were removed, to form the adhesive 
layer 26, shown in Figs. 21 and 22. 
[01 58] The substrate u nit was coated with a positive 

30 resist (Tokyo Ohka Kogyo Co., Ltd., ODUR), a dissolva- 
ble photosensitive material, and patterned to have 12 
urn thick ink passage patterns (not shown). 
[0159] A coating resin layer as the member 25 for 
forming the discharge port was formed on the substrate 

35 unit 27, and the discharge port 19 was formed by pat- 
terning. The coating resin layer Is preferably photosen- 
sitive, because it helps form the discharge port 1 9 easily 
and precisely by photolithography. In this example, an 
epoxy resin hardened by cationic polymerization was 

40 used for its adhesion to the substrate unit 27 and resist- 
ance to ink. 

[0160] Next, the SiN film on the ink discharge port 
21 and ink passage patterns of ODUR were removed by 
chemical dry etching (CDE) for the former and Immer- 
45 sion in a dissolving solution for the latter, and the epoxy 
resin for the member 25 for forming the discharge port 
was heated and completely hardened at 180°C for 1 
hour, to prepare the liquid discharging head. 
[0161] The member 25 for forming the discharge 
so port was joined with portion of the second protective 
layer 16 and portion of the first protective layer 17 not 
covered by the second protective layer 16, as shown in 
Figs. 21 and 22, via the adhesive layer 26. The sub- 
strate unit 27, coated with the first protective layer 17 
55 and second protective layer 1 6, is adhered faster to the 
member 25 for forming the discharge port via the adhe- 
sion layer 26. 

[0162] The increased adhesion realized in this 
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example prevents exfoliation of the member 25 for form- 
ing the discharge port, thereby Improving reliability ol 
the liquid discharging head, as discussed below. 
[0163] As described in Example 1 , when the portion 
of the first protective layer 1 7 not covered by the second 
protective layer 16 is made thinner than the portion of 
the first protective layer 17 covered by the second pro- 
tective layer 16 in the production of the substratB unit, 
the side wall 2B is formed, in addition to the second pro- 
tective layer 16, by the first protective layer 17 in the 
vicinity of the boundary between the portion of the first 
protective layer 17 covered by the second protective 
layer 16 and that of the first protective layer 1 7 not cov- 
ered by the second protective layer 16. As a result, 
adhesion between the first protective layer 17 and adhe- 
sive layer 26 on the substrate unit 27 for the liquid dis- 
charging head is improved in the vicinity of the second 
protective layer 16, efficiently preventing exfoliation ol 
the member 25 for forming the discharge port 
[0164] The side wall 28 can be tapered, when it is 
formed by dry etching lor overetching. Fig. 13, used for 
describing Example 1, shows the first protective layer 
1 7 and second protective layer 1 6 tapered at almost the 
same angle. Fig. 22 shows another embodiment in the 
first protective layer 1 7 is tapered more moderately than 
the second protective layer 1 6. The tapered shape may 
have a radius. The first protective layer 17 and second 
protective layer 16 should be tapered at a sharper 
angle, in order to improve the adhesion. 

(Another example) 

[0165] Examples 1 and 2 describe the side shooter 
type recording head H1 001 . in which the discharge port 
19 and electrothermal transducer 18 face each other. 
However, the present invention is also applicable to an 
edge shooter type ink jet head, in which the discharge 
port is opened in the direction almost perpendicular to 
the electrothermal transducer surface. 
[0166] Rg. 16 is an oblique view showing appear- 
ances of this embodiment of the present invention for 
liquid discharging head, where the members shown are 
marked with the same numbers, when they are function- 
ally corresponding to those shown in other figures. The 
substrate 11 supports the grooved member 25 joined 
therewith, and between them there are discharge ports 
1 9 arranged at given intervals, common ink chamber 27 
from which the ink is supplied to each discharge port 19 
via the ink passage 26, and ink supply ports 28 through 
which the ink is supplied to the ink chamber 27. The 
electrothermal transducer 18 gives thermal energy to 
the ink flowing in the ink passage 26 for film boiling, to 
discharge droplets of the ink from each discharge port 
19. The other members have the same functions as 
those marked with the same numbers in the other fig- 
ures. 

[0167] The electrothermal transducer 1 8 formed on 
the substrate 1 1 in this example is structurally the same 



as those for the other examples. 
[0168] To provide a substrate unit for liquid dis- 
charging head, a method for producing the same, a liq- 
uid discharging head, a cartridge, and an image forming 
5 apparatus. The substrate unit for liquid discharging 
head is for a head which gives thermal energy to the liq- 
uid for film boiling, to discharge droplets of the liquid 
from its discharge port. The substrate unit includes an 
electrothermal transducer provided on the substrate 
to surface to generate thermal energy, a pair of electrode 
wiring circuits provided on the substrate surface and 
connected to the transducer, first protective layer 
formed over the substantially entire surface of the sub- 
strate to cover a pair of the electrode wiring circuits and 
is transducer, and second protective layer formed over the 
first protective layer to cover the transducer and the 
area where the transducer is connected to the wiring cir- 
cuit, in which a pair of the electrode wiring circuits are 
1800 to 2400A thick, and the portion of the first proteo- 
se tive layer covered by the second protective layer is 2600 
to 3400A thick and thicker than the portion of the first 
protective layer not covered by the second protective 
layer. 

25 Claims 

1. A substrate unit for liquid discharging head which 
gives thermal energy to a liquid for film boiling, to 
discharge droplets of the liquid from its discharge 
30 port, comprising: 

an electrothermal transducer provided on the 
substrate surface to generate thermal energy; 
a pair of electrode wiring circuits provided on 
35 the substrate surface and connected to said 

electrothermal transducer; 
a first protective layer formed over the essen- 
tially entire surface of the substrate to cover a 
pair of said electrode wiring circuits and trans- 
40 ducer, and 

a second protective layer formed over the first 
protective layer to cover said transducer and 
the area in which said transducer is connected 
to said wiring circuit, 
45 wherein: 

a pair of said electrode wiring circuits are 1 800 
to 2400A thick; and 

the portion of said first protective layer covered 
by said second protective layer is 2600 to 
so 3400A thick and thicker than the portion of said 

first protective layer not covered by the second 
protective layer. 

2. The substrate unit for liquid discharging head 
55 according to claim 1 , wherein a pair of said elec- 
trode wiring circuits are preferably 2000 to 2200A 
thick. 
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3. The substrate unit for liquid discharging head 
according to claim 1, wherein difference In thick- 
ness between the portion of said first protective 
layer covered by said second protective layer and 
that of said first protective layer not covered by said 5 
second protective layer is 200A or less. 

4. The substrate unit for liquid discharging head 
according to claim 1, wherein difference in thick- 
ness between the portion of said first protective 10 
layer covered by said second protective layer and 
that of said first protective layer not covered by said 
second protective layer is 100A or more. 

5. The substrate unit for liquid discharging head is 
according to claim 1, wherein said first protective 
layer is at least 1 .08 tines thicker than a pair of said 
electrode wiring circuits. 

6. A method for producing a substrate unit for liquid 20 
discharging head which gives thermal energy to a 
liquid for film boiling, to discharge droplets of the liq- 
uid from its discharge port, comprising: 



ing to keep thickness of portion of said first protec- 
tive layer not covered by said second protective 
layer at 1 00A or more. 

9. A liquid discharging head, comprising: 

discharge ports from which the liquid is dis- 
charged; 

an electrothermal transducer on the substrate 
surface to generate thermal energy tor causing 
film boiiing of the liquid; 
a pair of electrode wiring circuits provided on 
the substrate surface and electrically con- 
nected to said electrothermal transducer; 
a first protective layer formed over the essen- 
tially entire surface of the substrate to cover a 
pair of said electrode wiring circuits and elec- 
trothermal transducer; and 
a second protective layer formed over said first 
protective layer to cover said electrothermal 
transducer and the area in which said electro- 
thermal transducer is connected to said wiring 
circuit, 
wherein: 

a pair of said electrode wiring circuits are 1 BOO 
to 2400A thick; and 

the portion of said first protective layer covered 
by said second protective layer is 26 0O to 
3400 A thick and thicker than the portion of said 
first protective layer not covered by said second 
protective layer. 

10. The liquid discharging head according to claim 9, 
wherein said discharge ports are formed at inter- 
vals of 600 dpi in at least two rows running in paral- 
lel to each other, each of said discharge ports in 
one row being off the corresponding one in the 
other row by half a pitch. 

11. The liquid discharging head according to claim 9, 
wherein said liquid is an ink and/or a treatment 
solution for adjusting printability of the ink on a 
printing medium. 

12. The liquid discharging head according to claim 9, 
.wherein said liquid is discharged by driving pulses 

given to said electrothermal transducer from said 
discharge port at 5 pico liter or less. 

13. The liquid discharging head according to claim 9, 
wherein said head has an additional member for 
forming said discharge port, which is joined with 
portion of said second protective layer and portion 
of said first protective layer not covered by said sec- 
ond protective layer via an adhesive layer. 

14. The liquid discharging head according to claim 13, 
wherein said first and second protective layers are 



a step of forming an electrothermal transducer 25 
on the substrate surface to generate thermal 
energy: 

a step of forming a pair of electrode wiring cir- 
cuits on the substrate surface in such a way to 
connect them to said electrothermal trans- 30 
ducer; 

a step of forming a 2600 to 3400A thick, first 
protective layer over the essentially entire sur- 
face of the substrate to cover a pair of said 
electrode wiring circuits and said etectrother- 35 
mal transducer; and 

a step of forming, by dry etching, a second pro- 
tective layer over said first protective layer to 
cover said electrothermal transducer and the 
area in which said electrothermal transducer is 40 
connected to said wiring circuit, in such a way 
to keep the portion of said first protective layer 
not covered by said second protective layer 
thinner than the one covered by said second 
protective layer, 45 
wherein the thickness of a pair of said elec- 
trode wiring circuits is kept at 1800 to 2400A. 

7. The method for producing a substrate unit for liquid 
discharging head according to claim 6, wherein so 
said second protective layer is formed by dry etch- 
ing to keep thickness of portion of said first protec- 
tive layer not covered by said second protective 
layer at 200A or less. 

ss 

8. The method for producing a substrate unit for liquid 
discharging head according to claim 6, wherein 
said second protective layer is formed by dry etch- 
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tapered in the vicinity of the boundary between the 
portion of said first protective layer covered by said 
second protective layer and the one not covered by 
said second protective layer. 

15. The liquid discharging head according to claim 14, 
wherein sBid first protective layer is tapered at a 
sharper angle than said second protective layer. 

16. The liquid discharging head according to claim 13, 
wherein said adhesive layer is of polyether amide 
resin. 

17. The liquid discharging head according to claim 13, 
' wh erei n said member for forming the discharge port 

is of epoxy resin hardened by cationic polymeriza- 
tion. 

18. The liquid discharging head according to claim 13, 
wherein said discharge port is installed at the side 
facing said electrothermal transducer. 

19. A cartridge, comprising a liquid discharging head 
and liquid tank storing the liquid to be supplied to 
said liquid discharging head, in which said liquid 25 
discharging head comprises, 
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a discharge port from which the liquid is dis- 
charged, 

an electrothermal transducer on the substrate so 
surface to generate thermal energy for causing 
film boiling of said liquid, 
a pair of electrode wiring circuits provided on 
the substrate surface and connected to said 
electrothermal transducer, 35 
a first protective layer formed over the essen- 
tially entire surface of the substrate to cover a 
pair of said electrode wiring circuits and elec- 
trothermal transducer, and 

a second protective layer formed over said first 40 
protective layer to cover said electrothermal 
transducer and the area in which said electro- 
thermal transducer is connected to said wiring 
circuit, 

wherein: 45 
a pair of said electrode wiring circuits is 1 800 to 
2400A thick; and 

the portion of said first protective layer covered 
by said second protective layer is 2600 to 
3400A thick and thicker than the portion of said so 
first protective layer not covered by said second 
protective layer. 

20. The cartridge according to claim 19, wherein said 
liquid tank is releasably attached to said liquid dis- 56 
charging head. 

21. The cartridge according to claim 19, wherein said 



liquid discharging head has an additional member 
for forming the discharge port, which is Joined with 
portion of saW first protective layer not covered by 
said second protective layer and portion of said 
second protective layer via an adhesive layer. 

22- An image forming apparatus, provided with a sec- 
tion of attaching a liquid discharging head compris- 
ing: 

discharge ports from which the liquid is dis- 
charged; 

an electrothermal transducer on the substrate 
surface to generate thermal energy for causing 
film boiling of the liquid; 
a pair of electrode wiring circuits provided on 
the substrate surface and connected to said 
electrothermal transducer; 
a first protective layer formed over the essen- 
tially entire surface of the substrate to cover a 
pair of said electrode wiring circuits and elec- 
trothermal transducer, and 
a second protective layer formed over said first 
protective layer to cover said electrothermal 
transducer and the area in which said electro- 
thermal transducer is connected to said wiring 
circuit, 
wherein: 

a pair of sard electrode wiring circuits is 1 800 to 
2400A thick; and 

the portion of said first protective layer covered 
by said second protective layer is 26O0 to 
3400A thick and thicker than the portion of said 
first protective layer not covered by said second 
protective layer. 



23. The image forming apparatus according to claim 

22, wherein said section of attaching the liquid dis- 
charging head has a carriage which can be 
scanned in the direction intersecting the direction of 
travel of the printing medium onto which the liquid Is 
discharged from the liquid discharging head. 

24. The Image forming apparatus according to claim 

23, wherein said liquid discharging head is releasa- 
bly attached to said carriage by attaching/detaching 
means. 

25. The image forming apparatus according to claim 
22, wherein said liquid discharging head has an 
additional member for forming the discharge port, 
which is joined with portion of said second protec- 
tive layer and portion of said first protective layer not 
covered by said second protective layer via an 
adhesive layer. 



17 



EP 1 078 758 A2 




18 



EP1 078 768 A2 




19 



EP 1 078 768 A2 



FIG. 3 




H1001 



20 




EP 1 078 768 A2 



FIG. 4 




21 




EP 1 078 768 A2 



FIG. 5 




22 




23 




24 



EP 1 078 758 A2 



FIG. 8 



FK3L 8A 



E0006 



E0012 



E0015 



E0014 

mam'pcb" 



FIG. 


8 A 




E0022 E0018 


E0019 








COVER 


ELECTRICAL 


RESUME 


SENSOR 


SOURCE KEY 


KEY 



FIG. 8B 




E1019 



E1011 



E1012 



(THERMISTOR) 
(HEAD DETECTION) 



OSC}"—E1002 
A/D K-E1003 



CPU 



E1013 

(ENCODER SIGNAL) 
(HEAD CONTROL SIGNAL) 

(VH) 

(VH) 

(VM) 

(VDD) 

(VHON) 

(VMONH 



vTO 
* FIG. 



E1014 



ROM 



E1020 



E1001 



E1004 



E1021 
]-v-^E1039 
E1040 



E1041 



E1022 



E1023 



J 



25 



EP 1 078 758 A2 



FIG. 8B 



FROM J 
RGL8A^ 




ELECTRICAL 
SOURCE 
CONTROL 

<=T~ 

E1010 



PE 


ASF 


SENSOR 


SENSOR 



E0007 E0009 



26 



EP 1 078 758 A2 



FIG. 9 

FIB.9A|FK3.9B|fIG.9C| 



FIG. 9A 



E0016- 



PARALLEL 
I/F 



SERIAL 
I/F 



V 



E1030 



E1007- 



E2006- 
E2001 



E1015 , 




Et028^ 



E2007 



1284 
I/F 



E2034 



(INTERRUPTION) 
E2032 



E1001 



(SOFTWARE 
RESET) 

E2031 



(aocK) 

E2Q33 



(PLL CONTROL) 
E1014 



CPU 
I/F 



PLL 



(CONTROL BUS) 



E2002 



r 



E1006 



ASIC 



E2058-' 
E2059 — - 

E2005— 
DRAM 



E0017 



E0020 



E1038 



USB 

, I/F 

C^U-E2036 

r n 



RECEPTION 
CONTROL 
SECTION 




COMPRESSION 
AND EXTENSION 
DMA 



E2008 
E2038 



RECEPTION 
BUFFER 
CONTROL 
SECTION 



*E2039 



E 2041 — 1 



E2027 



SCANNER 
DATA 

COMPRESSION 
DMA 



E2040 

L 



E2057- 



>T0 FIG. 9B 



E2056- 



J 



! ' [pram 

nR i ir won 

! ii RUFF 



(DMA CONTROL) 



[RECEPTION!! ii WORK 

ji BUFFER J| !L._BUFFER 

' ! " v " : E20T0j i — E2011. 
if SCANNER 
JL.PATA.BUFFEfL. 



FEED 



L - l 



E2028 



E2026 



27 



EP 1 078 758 A2 



FIG. 9B 



E101CK 



ELECTRICAL 

SOURCE 

CONTROL 



(VMON) (VHON) 



E1023- 

r ■ 



,E1022 



CR MOTOR 
DRIVER 



.E1024 



.E1008 



(ENCODER 
SIGNAL) 



-E1036 



PORT 

CONTROL 

SECTION 

"1 

E2029 



CR MOTOR 

CONTROL 

SECTION 



E2020 



-E1020 



ENCODER SIGNAL 

CONTROL 

SECTION 



P [ 



E2049 



E2019 



E2013 



BUFFER 

TRANSFER 

DMA 



E2012 



FROM j 
FIG. 9AS 



WORK 
CLEAR 
DMA 



E2042- 



T 



E2043— , 



(DMA CONTROU 



ORAM CONTROL 



E2025 



SCANNER 
DATA 
PROCESS 
D MA 
1 



>T0 
' FKx 9C 



-E2055 



KE2054 
j E2044- 



WORK 
BUFFER 



-JL. 



inwr 

Si BUFFER 

":M<iZA l"l'::m<A 



SCANNER 
DATA BUFFER 



•{SCANNER 
jiTAKING-IN BUFFER. 



v 



E2026 



E1006 



E2024 



28 



EP 1 078 758 A2 



FIG. 9C 



(HEAD 

CONTROL 

SIGNAL) 



r 



E1021- 



E2018 
E2049. ^ 



LP/PG MOTOR 
DRIVER 



HEAD 
CONTROL 
SECTION 



E2048- 
E2050-V. 

E2047- 



FROM 
FIG. 9B 



< 



E2017 



COLUMN 
BUFFER 



*E0017 



E1033 



E2021 



F/PG MOTOR 
CONTROL 
DMA 



DATA 

DEVELOPMENT 
DMA 



E2045 



E2015 
E2053- 



E2052 



SENSOR 

SIGNAL 

PROCESS 



E2051 



E1032 



E1025 



E1026 



E1027 



E2022 



(dma control) r i— 



PG SENSOR 
PE SENSOR 
ASF SENSOR 
GAP SENSOR 



E2003 



r>K-E2004 



PRINT jjDATA BUFFER FORj; 
BUFFER SSDEVELOPMENL ill 
' V% E20H_ ~--E2016 i 

SCANNER 

TAWNG-IN BUFFER 



^TOR'CONTROL] 
BUFFER 



— OE2023 



DRAM 



E2005 



v 



E2024 



29 



EP 1 07B 758 A2 



FIG. 10 



RECEIVE PRINT 
COMMAND 



c 



CONNECT APPARATUS TO 
HECTHCAl SOURCE 

I 




INITIALIZATION PROCESS 2 [-° 



< 



WAIT FOR EVENT 

I 



INPUT ELECTRICAL 
SOURCE KEY OFF 



ANALYZE 
COMMAND 

I 



j-S5 
S6 



INPUT OTHER 
EVENT 



PRINTER TERMINATION 
PROCESS 



SUPPLY SHEET K 

y 



PRINT 
I 



S7 



S10 



S11 



EVENT 
PROCESS 



X 



EXPEL SHEET ¥ " 



S8 



All PAGES 
TERMINATED 1 



S9 



30 




EP 1 07B 758 A2 



FIG. 11 




31 



EP 1 078 768 A2 



FIG. 12 




32 



EP 1 078 758 A2 




FIG. 15 




33 



EP 1 078 768 A2 



FIG. 16 



27 



28 



■ ^ 



26 



26 



28 



25 



11 



FIG. 17 



16 



EP 1 078 758 A2 



FIG. 18 



FIG. 19 



FIG. 20 




